Both experimental and computational approaches were used to examine how a circuit of identified neurons in the buccal ganglia of Aplysia functions as a central pattern generator (CPG) controlling aspects of feeding, the ways in which transmitters modulate the electrical activity of this circuit, and the features of consummatory behaviours that are mediated by the various patterns of electrical activity in this CPG. The biophysical properties of neurons B4, B31, B35, B51, B52 and B64, and their synaptic connections were mathematically modelled and simulated using the SNNAP computer program. In the model, brief depolarizations of B31 elicited single cycles of patterned activity in the circuit, and long depolarizations induced sustained patterned activity. The phase relationships, duration and frequency of simulated electrical activity in the network model were very similar to empirical observations and indicated that such a circuit could account for many features of patterned electrical activity in the isolated buccal ganglia. In addition, the possible involvement of catecholamines in regulating activity of this CPG was examined. Dopamine or its metabolic precursor L-3, 4-dihydroxyphenylalanine (DOPA) elicited sustained rhythmic neural activity in isolated buccal ganglia. A newly identified catecholaminergic interneuron, B65, was found to be rhythmically active in presence of DOPA, in response to radula nerve stimulation, as well as during its direct depolarization, which in turn elicited rhythmic activity in the CPG similar to that induced by DOPA. Finally, perfusion of semi-intact preparations with DOPA initiated rhythmic feeding movements indicative of ingestive behaviours.
INTRODUCTION
An important step in understanding the neuronal basis of behaviour is a cellular analysis of the underlying circuitry. Feeding behaviour in the opisthobranch mollusc Aplysia provides a useful system for such analysis, since it is controlled by a relatively small network of identifiable neurons that are accessible for detailed biophysical study. Moreover, the feeding behaviour of Aplysia is quite complex and involves the (KUPFERMANN, 1974a; SUSSWEIN et al., 1978 SUSSWEIN et al., , 1986 KUSLANSKY et al., 1987; KUPFERMANN et al., 1991; SCHWARZ et al., 1991; CHIEL & SUSS-WEIN, 1993) . Thus, the neural circuitry controlling feeding behaviour in Aplysia provides a model system in which a number of important issues can be investigated.
Feeding behaviour
of Aplysia consists of two phases: an appetitive phase, which includes behaviours such as locomotion and head movements needed to locate food, and a consummatory phase, which includes ingestion (biting and swallowing) or rejection (KUPFERMANN, 1974b; WEISS et al., 1986; BABLANIAN et al., 1987; TEYKE et al., 1990 TEYKE et al., , 1992  for review see KANDEL, 1979) . Consummatory behaviours are a series of intricate rhythmic movements involving coordination between structures of the mouth (lips and jaws), buccal mass (radula) and gut (esophagus) (e.g. MORTON & CHIEL, 1993) . As with other rhytmic behaviours, these consummatory movements are believed to be controlled by a circuit of neurons, known as a central pattern generator (CPG) (for recent reviews see GETTING, 1989; SELVERSTON, 1992; HARRIS-WARRICK, 1993) . Several cells in the buccal ganglia have been identified that are believed to be critical for generating patterned activity underlying aspects of feeding, such as neurons B31/32 and B35 (SUSSwEIN & BYRNE, 1988; see also HURWITZ et al., 1994) , and neurons B51 and B52 (PLUMMER & KIRK, 1990) . The specific role that these neurons and their synaptic connections play in generating rhythmic neural activity has not been determined, however. Our approach to this issue has been to combine cellular analyses and computer simulations.
We have developed a computational model of the neural circuit that simulates the biophysical properties of the individual neurons and their synaptic interconnections.
The output of resynthesized network and its response to manipulations are contributing to an understanding of how this neural circuit functions as a CPG. In addition to examining how the isolated circuit functions, it is important to examine how it responds to transmitters that may mediate sensory inputs and regulatory feedback from other parts of the peripheral and central nervous system. For example, the buccal ganglia receive an abundant catecholaminergic input from the foregut via the esophageal nerve (SUSSWEIN et al., 1993) . This nerve, in turn, mediates satiation during feeding and reinforcement during learning (SCHWARZ & SusswEIN, 1986; SCHWARZ Bt al., 1988) . Moreover, the buccal ganglia receive catecholaminergic inputs from the cerebral ganglion cells which may function as command neurons that control aspects of feeding (ROSEN et al., 1991) . Thus, in addition to studying
